We propose to generate non-universal gaugino masses in SU(5) GUT with the generalized Planckscale mediation of SUSY breaking, in which the non-universality arises from introducing certain high-representation Higgs fields either directly with their F-term VEVs or by wavefunction normalization with their lowest component VEVs. The gluino-SUGRA-like scenario, where gluinos are much heavier than winos, binos and universal scalar masses, can be easily realized with appropriate combinations of such high-representation Higgs fields. With six GUT-scale free parameters in our scenario, we can solve graciously the tension between mSUGRA and the present experimental results, including the muon g-2, the dark matter (DM) relic density and the direct sparticle search bounds from the LHC. Taking into account the current constraints in our numerical scan, we have the following observations: (i) A large |M 3 | ( 5 TeV) or a large negative A 0 ( -5 TeV) is needed to generate the 125 GeV SM-like Higgs, while the stops, higgsinos and other Higgs bosons, mainly determined by a large |M 3 |, should be rather heavy; (ii) When M 3 is negative, we can obtain small contribution to B s → µ + µ − and large contribution to the muon g-2 (with 200-500
I. INTRODUCTION
Low energy supersymmetry (SUSY), which is well motivated to solve the hierarchy problem, is one of the most appealing new physics candidates beyond the Standard Model (SM). The gauge coupling unification, which cannot be realized in the SM, can be successfully realized in the framework of weak scale SUSY.
Besides, assuming R-parity conservation, the lightest SUSY particle (LSP) can be a promising dark matter candidate with the right DM relic density. However, there are over 100 physical free parameters in the minimal SUSY model (MSSM), including the soft masses, phases and mixing angles that cannot be rotated away by redefining the phases and flavor basis for the quark and lepton supermultiplets. In practice, some universalities of certain soft SUSY breaking parameters as high scale inputs are usually adopted. In the constrained MSSM (CMSSM), the gaugino masses, the sfermion masses and the trilinear couplings are all assumed to be universal at the GUT scale, respectively. Thus, CMSSM only has five free parameters, i.e., tan β, M 0 , A 0 , M 1/2 and the sign of µ.
All the low energy soft SUSY breaking parameters can be determined by these five inputs through the renormalization group equations (RGEs) running from the GUT scale to the EW scale.
So far the null search results of the gluino and the first two generations of squarks together with the 125 GeV Higgs discovery [1, 2] at the LHC have severely constrained the parameter space of CMSSM. For example, to provide a 125 GeV SM-like Higgs, the stop masses should be around 10 TeV or the trilinear stop mixing parameter A t should be quite large. Besides, in order for the gluino to escape the LHC bounds, the universal gaugino mass at the GUT scale |M 1/2 | should be larger than about 1 TeV (mg 2|M 1/2 | ), and thus the bino-like neutralino is bounded to be higher than about 400 GeV. All the electroweakinos (higgsinos, sleptons, sneutrinos) are all bounded to be heavier than several hundreds of GeV in CMSSM, and hence the SUSY contributions to the muon g-2 cannot be large enough to account for the discrepancy reported by the Brookhaven AGS [3] . Since the neutralino dark matter in CMSSM is heavier than several hundreds of GeV, we have mainly four dark matter annihilation mechanisms: stau coannihilation, stop coannihilation, A/H funnel, hybrid (note that the h/Z funnel cannot happen and the focus point or χ ± 1 coannihilation is severely constrained by the recent dark matter direct detection limits). In fact, CMSSM was found to be excluded at 90% confidence level [4] .
Motivated by the tension between CMSSM and the experiment results, several extensions of CMSSM have been proposed, such as introducing right-handed neutrinos [5] , singlet scalars [6] or vector-like supermultiplets [7] . Other proposals were also considered, such as relaxing universal conditions at the GUT scale [8] [9] [10] or reducing the universal conditions to certain sub-GUT scale [11] (such as the 'mirage' unification scale) or including the reheating temperature in the early universe as an extra parameter [12] . Among these approaches, the non-universal gaugino mass (NUGM) [13] scenarios are well motivated both theoretically and phenomenologically, which can be realized by some special structure of gauge kinetic function in string models [14] or the GUT [15] .
In this work, we propose a NUGM extension of mSUGRA, where the NUGM is generated by introducing various high dimensional representations of Higgs fields of SU (5) . By properly choosing the parameters, we can generate the gaugino hierarchy M 3 M 1 , M 2 and obtain a low energy spectrum which can escape the LHC mass bounds for colored sparticles and at the same time give the 125 GeV Higgs mass. The muon g-2 anomaly can also be solved with M 0 at a few hundreds of GeV. Besides, the flavour bounds, the LHC direct search bounds as well as the updated dark matter constraints can all be satisfied. Note that this setting can be fitted into thegSU GRA scenario proposed in [16] .
This paper is organized as follows. We propose our approach to generate non-universal gaugino masses in SU(5) GUT with the generalized Planck-scale mediation of SUSY breaking in Section II. In Section III, we discuss the constraints on the model. In Section IV, we present our numerical results and give some discussions. Finally, we draw our conclusions in Section V.
II. GENERATING NON-UNIVERSAL GAUGINO MASSES IN SU(5)
As a low energy phenomenological model, the MSSM is not very predictive because it has more than one hundred free parameters. The gaugino mass hierarchy, which is also not specified in MSSM, is very important in understanding the nature of dark matter. For example, possible signals for neutralino dark matter direct detection experiments depend on the ratio of each component of the dark matter particle. So it is desirable to seek for some UV-completed models that can predict the low energy soft SUSY breaking parameters with few input parameters.
Some UV-completed models of MSSM, e.g., the gravity mediated SUSY breaking scenarios with the simplest Kahler potential, predict universal gaugino masses at the GUT scale. After RGE running to EW scale, the approximate ratio for gaugino masses 1 is M 1 : M 2 : M 3 ≈ 1 : 2 : 6. We know that the latest LHC results have pushed the gluino mass to about 2 TeV, and thus the neutral electroweakinos are also heavy and cannot solve the muon g −2 anomaly. Actually, the gaugino masses at the GUT scale are not necessarily universal. In realistic SUSY GUT models, certain high dimensional GUT group representations of Higgs fields may play an essential role in solving the doublet-triplet splitting problem or generating realistic fermion ratios if Yukawa unification is further assumed. With such high dimensional Higgs fields, the universal soft SUSY breaking masses can receive additional non-universal parts. General results of soft SUSY breaking parameters in the generalized SUGRA [17, 18] for SU(5), SO(10) and E6 GUT models involving various high dimensional Higgs fields with different symmetry breaking chains have been discussed in [17, 19] . Some applications have been also studied [20, 21] In the framework of SU(5) GUT, the gaugino masses are given by
with Λ being a typical energy scale (say the Planck scale M P l ) upon the GUT scale. The chiral superfield T is a GUT group singlet and Φ ab is a chiral superfield lying in any of the irreducible representations within 1 Such a ratio at the EW scale is also predicted by the minimal gauge mediated SUSY breaking mechanism.
the group multiplication decomposition
After Φ ab or T acquiring an F-term VEVs, non-universal gaugino masses will be predicted. For example, if only T acquires a F-term VEV, the term proportional to a 1 will generate universal gaugino masses while the term proportional to c 1 will generate subleading non-universal gaugino parts with the lowest VEV of Φ ab . On the other hand, if only the GUT non-singlet Higgs field Φ ab acquires F-term VEVs, the term proportional to b 1 will generate leading non-universal gaugino masses. In principle, the soft sfermion masses or trilinear couplings may also receive additional non-universal contributions from such high dimensional operators.
We propose a new alternative approach in which the non-universality of gaugino masses comes from the wavefunction normalization. We can consider the most general combination involving the 24, 75 and 200
representations of Higgs fields of SU (5) GUT group and the gauge singlet T
It is possible that only the GUT group singlet T acquires both F-term VEV F T and lowest component VEV while all other high dimensional representation Higgs fields acquire only the lowest component VEVs that
with M r ab being the group factor for the representation r and v U the GUT breaking scale which is assumed to be independent of the SU(5) representation and universal for all H r ab . The VEVs of the Higgs field Φ 24 in the adjoint representation can be expressed as a 5 × 5 matrix
while the VEVs of the Higgs field Φ 75 can be expressed as a 10 × 10 matrix
Similarly, the VEVs of the Higgs field Φ 200 can be expressed as a 15 × 15 matrix
As T 0 is a GUT group singlet, the VEV T 0 can be of order Λ without spoiling GUT. The kinetic term after substituting the lowest component VEV will take the form
nearly vanishes by choosing a proper a 1 , the second term, which is non-universal for three gauge couplings, will generate a different wavefunction normalization factor. On the other hand, substituting the F-term VEV F T will generate universal gaugino masses for non-canonical gauge fields. After normalizing the gauge kinetic term to canonical form, non-universal gaugino masses will be generated. The prediction in this scenario is different from previous studies. For example, if only the 24 representation Higgs is present other than T , the gaugino ratio is given by
at the GUT scale which will predict the gaugino ratio 3 : 2 : −9 at the EW scale. For the most general combinations involving all 24, 75 and 200 Higgs fields, we can obtain the gaugino ratio
at the GUT scale. So we can see that one can get an arbitrary gaugino ratio at GUT scale with different choices of c i . This result is different from the ordinary case in which both the high-representation Higgs fields H ab and T acquire universal F-term VEVs F U with trivial kinetic terms. The most general form of gaugino mass ratio M 1 : M 2 : M 3 at the GUT scale is thus given by
Then the 125 GeV Higgs mass can be generated naturally with a suitable large ratio of M 2 /M 3 [22] and a higgsino-like DM [23] . In [24] , this was used to solve the muon g − 2 problem by assuming an arbitrary ratio
An interesting region will appear if M 3 M 2 , M 1 . In this region, the colored sfermions are heavy even for a very small M 0 because of the loop corrections involving a heavy M 3 . The non-colored sfermions will, however, be light if the GUT scale mass M 1,2 M 3 . This region, which is called the gluino-SUGRA region [16] , is well motivated to solve the muon g − 2 anomaly [25] and at the same time is consistent with the LHC predictions. In our first approach, the gluino-SUGRA region is easily realized if
In our second approach, to realize the gluino-SUGRA region, the first two terms within the second line of Eq. (11) need to approximately vanish while the third term should not vanish. So we can solve for c 1 , c 2 in terms of c 0 and c 3
with
In order to illustrate the salient features of our scenarios, we scan the six dimensional parameter space considering all current experimental constraints. The package NMSSMTools [26] is used in our numerical scan to obtain the low energy SUSY spectrum. We know that in case λ ∼ κ → 0 and A λ is small, the singlet superfield within the NMSSM will decouple from other superfields and the NMSSM will reduce to the MSSM plus a decoupled heavy singlet scalar and singlino. So the MSSM spectrum can be calculated with NMSSMTools. In our scan, we use the program NMSPEC MCMC [27] in NMSSMTools 5.2.0 [26] . The ranges of parameters in our scan are
where we choose a large |M 3 | to escape the LHC bounds on colored sparticles and a large |A 0 | to generate the 125 GeV Higgs mass. Small M 0 , |M 1 |, |M 2 | and a large tan β are chosen to give large SUSY contributions to the muon g-2 and a low mass for dark matter particle.
In our scan, we consider the following constraints:
(1) The theoretical constraints of vacuum stability, and no Landau pole below M GUT [26, 27] .
(2) The lightest CP-even Higgs boson h as the SM-like Higgs boson with a mass of 123-127 GeV. Its production rates should fit the LHC data globally [28, 29] with the method in [30, 31] .
(3) The searches for low mass and high mass resonances at the LEP, Tevatron, and LHC, which constrained the production rates of heavy Higgs bosons. We implement these constraints by the package HiggsBounds-5.1.1beta [32] .
(4) The constraints for squarks and gluino from the LHC:
and the lower mass bounds of charginos, sleptons from the LEP:
(5) The searches for chargino χ 
For these searches, we only employ theτ /ν τ channels [33] because we checked that the dominated decay channels of χ 
We calculate the SUSY contribution ∆a µ including the SM-like Higgs boson, and require ∆a µ to lie at the 2σ level. We also include the theoretical uncertainty in SUSY ∆a µ calculations, which is about
(8) Constraints from dark matter relic density by WMAP/Planck [36, 38] , and the 2018 result of direct searches for dark matter at XENON1T [39] . We require the lightest neutralino χ 0 1 to be the dark matter candidate. For the relic density, we only apply the upper bound, e.g., 0 ≤ Ω ≤ 0.131, as other dark matter species may also contribute to the DM relic density [12, 26, 40] .
We take a multi-path Markov Chain Monte Carlo (MCMC) scan in the parameter space. In total, we get nearly 10 7 surviving samples.
IV. NUMERICAL RESULTS AND DISCUSSIONS
In Fig.1 
where
With these approximate equations, we can understand the results in Fig.1 . The other correlations between the parameters at SUSY scale and GUT scale are shown in Appendix A, which are also helpful to understand the following results in this work. (right), respectively. In SUSY models, we have the following equation for B s → µ + µ − branch ratio
While in our scenario, the CP-odd Higgs mass can be approximately given as 
Thus we see that the large-tan β and medium-m A (2-3 TeV) samples predict a large B s → µ + µ − ratio, while the medium-tan β and negative-M 3 samples predict small ratios. In Fig.3 , we project surviving samples in the A 0 verse M 0 (left), and tan β verse the lighter smuon mass mμ 1 (middle and right) panels, with colors indicating mμ 1 (left), SUSY contributions to muon g-2 ∆a µ (middle), and the lighter stau mass mτ 1 (right), respectively. From the middle panel in Fig.3 , we can see that the muon g-2 anomaly can be solved in our scenario. In fact, light smuon and large tan β can give a sizable contribution to ∆a µ with positive µ in MSSM. Combined with Fig.2 , we can see that the mediumtan β and negative-M 3 samples predicting small Br(B s → µ + µ − ) can also contribute sizably to ∆a µ . From the right panel we can know the small-mμ 1 and medium-tan β regions are messed mainly because of the lower bounds of stau mass mτ 1 .
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the bottom right plane, we can see the searches for EW gauginos at the LHC set important constraints to the model.
From the bottom middle and right planes, we can also glimpse the annihilation mechanisms of binolike LSP in our model. We checked that for samples predicting the right relic density, there are mainly five single mechanisms and several combined ones : stau exchange (χ
Thus we sort our surviving samples into six classes by judging if it is a single or a combined mechanism:
For the hybrid2 samples, the dominated mechanism is a combined one byτ 1 coannihilation and χ ± 1 coannihilation; while for stau hybrid3, it is combined byτ 1 exchange,τ 1 coannihilation andτ 1 annihilation, and the heavierτ 1 , the more annihilation and the less exchange; but whenτ 1 are heavier than 400 GeV, the dominated mechanism becomes other sleptons coannihilation, which is very complex in income and outcome particles. In Tab.I, we give the detail annihilation information for 7 benchmark points. For each point, we list its main annihilation channels and the relative contributions (> 1.5%) to <σv>. The other information for the benchmark points are list in Tab.II in Appendix B. In Fig.5 , we show the six classes of samples with sufficient relic density on the plane of SI DM-nucleon cross section σ SI versus LSP mass m χ 0
1
. We can see that, most of the samples predict small σ SI , which are over one order of magnitude lower than the future detection accuracy of LZ and XENONnT experiments.
However, a few samples corresponding toτ 1 coannihilation, χ ± 1 coannihilation and hybrid2 can be covered by the two detectors, with the LSP mass at about 200-400 GeV.
V. SUMMARY AND CONCLUSIONS
We proposed to generate non-universal gaugino masses in SU (5) • The lightest neutralino can be as light as 100 GeV, which can predict a right relic abundance if it is bino-like and a much smaller relic density if it is wino-like.
• To obtain the right DM relic density, the annihilation mechanisms should be stau exchange, stau coannihilation, chargino coannihilation, slepton annihilation and the combination of two or three of them;
• The spin-independent DM-nucleon cross section is typically much smaller than the present bounds of XENON1T 2018 and an order of magnitude lower than the future detection sensitivity of LZ and
XENONnT experiments. 
APPENDIX A: CORRELATIONS BETWEEN THE PARAMETERS AT SUSY SCALE AND GUT SCALE
We show the correlations between the parameters at soft SUSY scale and GUT scale. For the benchmark point P4, the GUT scale is calculated to be M GUT = 1.27 × 10 16 GeV. Then we use two-loop RGEs to run the parameters from GUT scale to the SUSY scale, which we choose as M SUSY = 4 TeV. We repeat this process over 15 times by slightly changing the following one or two parameters excluding tan β at GUT scale each time
For the linear-correlation parameters
we calculate the coefficients by
For the quadratic-correlation parameters
We checked that the following equations with these coefficients coincide approximately with our parameterrunning results in NMSSMTools-5.2.0. These coefficients were calculated with benchmark point P4 (and with tan β = 20.8 fixed), while we checked that most of them change not much when turning to other benchmark points. This conclusion can be generalized to all surviving samples, because all of them satisfy tan β 1. However, most coefficients will change a lot if one change the SUSY scale too much, e.g., to
M SUSY = 400 GeV as in [10] . These equations are given as follows: 
